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Abstract 
To overcome the shortage in traditional methods of land ecological suitability evaluation, this paper established a 
gravity-resistance model based on physical motion principle. This model simulated two processes—gravity and 
resistance evaluation to assess land ecological suitability evaluation, which can be expressed by the formula of 
S= .when a study area--S is greater than 0, it should be recognized as suitable for construction, 
and the greater, more suitable for urban development. When S equals to 0, it should be prohibited for urban 
construction. Take Deyang as an example, factors of gravity and resistance which are crucial to the construction of 
city are selected according to the rules of stability, in dependence, representativeness. The weights of gravity factors 
were determined by Analytical Hierarchy Process (AHP) and the scores of resistance factors were determined by 
Pessimistic Decision Method. Based on the gravity-resistance model, Deyang was divided into four zones：
prohibited, restricted, optimized and key areas，which are 40.45%、16.23 %、23.77 % and 19.54% respectively.  
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1. Introduction 
With the rapid development of the economy, Chinese urban expansion is increasingly evident. It is 
expected that from 2012 to 2016, China will launch a large-scale urban development, and the system of 
regional framework for the economy in urban areas will be formed, the urbanization rate will be over 50%. But 
during the rapid urbanization, environmental degeneration, urban ecological security, quality of urbanization 
will also appear[1].The twelfth five-year plan indicates that the development should embrace capacity of cites, 
still, under the principles of people-oriented, energy-efficient, ecological and environmental, security and 
balance between ecology and regional economy. Therefore, with land ecological evaluation, expansion rate and 
limits can be evaluated and predicted for future urban planning and construction. 
The approach of ecological suitability evaluation has a strong impact on the results. This study derives the 
shortage of current various ecological suitability evaluations, suggests gravity-resistance model to evaluate 
ecological suitability based on the physical movement. This work results in advanced methods of land 
ecological suitability evaluation and reasonable suggestions for land use. 
1.1 Review of modern ecological suitability assessment 
Modern ecological suitability assessment theory and method was first developed by Ian Mcharg in 
1969[2], University of Pennsylvania. This method could not only evaluate the relative potential of 
development, refine zoning, but also direct the spatial organization of land of high efficiency and 
optimum benefits[3]. With the application of Geographic Information System (GIS), the application of 
ecological suitability evaluation is greatly promoted[4-5]. 
With deeper study of decision-making in the field of urban planning and the 3S technology becomes 
more and more mature, scholars have conducted many research and practices on ecological suitability 
evaluation：eliminating inappropriate area to locate desirable building sites[6-9]；eliminating dangerous 
area to ensure construction safety[10]； analyzing factors to select the scenic spot and forest park 
address[11], analyzing ecologically sensitive areas to determine the layout of urban green space[12]; in 
agriculture, it is mainly used for choosing suitable land for farming and forest[13-15]. The ecological 
suitability evaluation model may use the expression below: 
 
S=F(X1, X2,  …Xn)                                                                     (1) 
 
S stands for comprehensive evaluation value, Xi (i=1, 2…n) is represented as the variable which 
affect the evaluation of unit ecological suitability, F is the evaluation model which is made up by the 
factors. Main evaluation tracks are: sum, extremum, weighted analysis and others. Table 1 is the main 
ecological suitability evaluation methods. 
Through analysis, table 1 shows the evaluation method are more or less flawed. Although the 
Potential-Constrain urban land ecological suitability evaluation approach has greatly improved, constrain 
factors in the process of “Weighted superposition”, or use “Minimum superposition” can not completely 
eliminate the inappropriate areas of the construction. For example, the seismic fracture zone is forbidden 
to build, but if combine the weighted evaluation with the other factors, it is possible that appraisal units to 
become an area of the construction. Similarly, “Minimum superposition” is conducted on seismic fracture 
zone and with slope, it may be considered that the earthquake fracture zone or slope are of same class, the 
results also contradict the theory and fact. The reason is “Minimum superposition” approach might be 
described as an application of “Liebig's Law of the Minimum” in the ecology, and suitable for assessment 
of unrelated factors. But it's important to recognize that various factors are inextricably related, it may not 
be suitable for use Minimum superposition in urban planning. 
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Table 1.   Current eEcological Suitability Evaluation Methods 
 
Method Model Theory Defect Field of application 
Single factor 
evaluation[17-18]  
single factor affecting 
the distribution 
Neglect other 
possible factors 
thematic mapping 
and analysis 
Superposition 
of multiple 
factors[2] [18] 
 
The combined effect of 
multiple factors 
Neglect the 
importance of 
different factors 
Scenic area, 
ecological sensitive 
area distribution 
Minimum 
superposition 
[19-20] 
S= Min(X1, X2, …Xt) 
Liebig's law of the 
minimum 
Neglect the 
overlapping effect 
of factors 
choosing land for  
farmland, forest, etc. 
Weighted 
superposition of 
multiple 
factors[21-22] 
 
Determine the weight 
of factors to distinguish 
the importance of 
different factors 
Uniform the weight, 
weaken the impact 
of constraint factors
Urban and rural 
construction, 
protection and 
development of 
scenic spots, etc. 
Potential-
Constrain 
Approach 
[9] [23-24] 
 
 
 
Comprehensive 
assessment based on 
potential factors and 
constrain factors 
Cannot completely 
exclude the 
inappropriate areas.
Urban and rural 
construction 
 
 
 
1.2 Basic theory of Gravity-resistance evaluation 
The basic theory of gravity-resistance model is to from the physical movement; it is about the 
changing track of combined effect from both traction and resistance. When traction is smaller than 
resistance, the object remains still; when traction is greater than maximum resistance, the object starts to 
move, and the greater the traction force, the faster the movement of object. 
Similarly, urban land expanding is also influenced by two forces. One is gravity which promotes the 
urban development; another is resistance which restricts the urban development, such as natural disasters 
and environmental factors. Therefore, in the evaluation unit when the gravity is greater than resistance, 
the greater the more suitable for urban development projects; on the contrary, when the gravity is less 
than resistance, it is not suitable for urban development. Figure 1 shows the principle. 
1.3 Gravity-resistance model 
Under above principle, the model of urban land ecological suitability evaluation based on gravity-
resistance approach can be constructed: 
 
 
 
 
 
 
 
679FAN Chen-jing et al. / Procedia Engineering 21 (2011) 676 – 685FAN Chen-jing, SHEN Shi-guang, WANG Si-hui,SHE Guang-hui and WANG Xin-yi / Procedia Engineering 00 (2011) 000–000 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Urban land ecological suitability evaluation based on gravity-reesistance principle 
 
 
S=
                                                                (2)
 
 
S stands for ecological suitability value. In the urban land ecological suitability evaluation, the 
higher score, the more suitable for construction. 
1.3.1 Gravity evaluation 
According to the basic principles of urban development, gravity refers to urban growth pole, 
transportation hub, built-up area and other factors which could promote the rapid expansion of urban. 
This paper uses linear weighted combination method to construct gravity evaluation, the formula is: 
 
                                                                     (3) 
 
G is represented as weighted evaluation value, n is the number of factors, i=1, 2, 3, …n, Wdi is the 
resistance weight, pairwise comparison method is used to determine its value[3]. Xdi the i-th positive 
contribution value of gravity factor. Finally, using the Fuzzy clustering method to reclassify G to get the 
value of gravity. The higher score G in the evaluation unit, the more suitable for urban development 
projects. 
1.3.2 Resistance evaluation 
Resistance refers to factors limit the urban development, such as Seismic Fracture Zone and other 
natural disasters. This paper argues that the resistance of urban evaluation should be responded to 
overlapped effects from various factors, worst case scenarios should be considered, and can be calculated 
by using pessimistic decision-making method, the formula is 
 
                                                                    (4) 
 
F stands for the resistance evaluation value, m stands for the number of resistance factors, j=1, 2, 
3…n, Yfj is the j-th negative contribution value of resistance factor. The lower value of F in the evaluation 
unit is, the lower suitable for urban development projects are. 
2 Case Study 
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2.1 Study Area 
Deyang is located between Sichuan Basin and mountainous area of northern Sichuan, China. 
Longitude between 103°45’and 105°15’. Latitude between 30°31’ and 3 1°42’. Deyang is located next to 
Mianyang City on the north, Chengdu on the south. Suiyang, Ziyang is located on the southeast direction, 
totally 812.2 square kilometers. Deyang is located in subtropical humid climate. Annual average 
temperature is 15.7-16.7 , and annual average temperat℃ ure is above 0 . The population is 55 million at ℃
the end of 2009. Deyang has a good economy and strong industry, which also is an important city in 
western China. Deyang has a complex geological condition. This city crosses Longman Mountain, 
Chengdu Plain and basin. Diverse landforms are recognized as mountain, plain and river. Two seismic 
fracture zones are found in the northwest which caused the 2008 “5.12” earthquake. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Analysis Flow Chart 
2.2 Data Collection 
Based on Deyang 1:100000 Administrative map, Deyang disaster distribution map, Deyang 1:10000 
topography map. TM remote sensing image, road system, water system, city border, fracture zone and 
other feature layers are extracted in Arcgis 9.3.  
2.3 Flow chart of Evaluation 
After analyzing the topographical features, natural disaster, land use, transportation, town 
development, location, this study selects 11 factors which have significant impact on urban, such as 
Urban Growth Pole, seismic fracture zone, vegetation, water system, etc. Based on the principle of 
stability, independence and representation, gravitation and resistance factors are separated in the flow 
chart (Figure 2).                               
2.4 Deyang Gravitation Evaluation 
 
Topographic Relief
Elevation
Slope
Seismic Fracture Zone
U
rban G
row
th Pole
Water System
Transportation corridor
Resistance EvaluationGravity Evaluation
Urban Land Ecological 
Suitability Evaluation Result
Built-up Area
Transportation Hub
V
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Pessimistic DecisionAnalytic Hierarchy Process (AHP)
Gravity-Resistance model
O
ther G
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2.4.1 Single factor Evaluation of Gravity 
This paper selects Urban Growth Pole, built-up area, transportation hub as indicators to evaluate the 
value of gravity of Deyang city. The principle and value of gravity factors are listed in Table 2 and the 
results of evaluation are shown in Figure 3. 
 
Table 2. Gravity Evaluation 
 
Gravity factor Value of factor Effect of gravity Gravity Value 
Distance to urban<1000m Significant 3 
1000-4000m Large 2 
4000-7000m Little 1 
>7000m No effect 0 
distance to town<1000m Significant 3 
500-2000m Large 2 
2000-4000m Little 1 
 
Urban Growth Pole 
>4000m No effect 0 
Inside Built-up area Significant 3 Built-up area Outside Built-up area Unclear 0 
Distance to  Highway Intersection <2000m Significant 3 
2000-2500m Large 2 
2500-3000m Little 1 
>3000m No effect 0 
Distance to railway station <2500m Significant 3 
2500-3000m Large 2 
3000-3500m Little 1 
Transportation hub 
>3500m No effect 0 
 
 
 
 
Fig. 3.  Single factor Evaluation of Gravity 
A Gravity factor Evaluation  B Build-up Area Evaluation  C Transportation hub Evaluation 
2.4.2 Weight Calculation of Gravity Factor  
Pairwise Comparison Method is applied to compare the factor matrix, importances are compared in 
pairs, consistency is reviewed. After the vector is developed, factor weights are standardized(Table 3). 
 
Table 3. Weights of Gravity Factors 
 
 Urban Growth Pole Built-up area Transportation hub Consistency check Weight 
Urban Growth Pole 1 1/2 2 C.I=0.005 0.297 
Built-up area 2 1 3 C.R.=0.01 Passed the consistency 0.540 
Transportation hub 1/2 1/3 1 check 0.163 
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2.4.3 Comprehensive Gravity Evaluation 
By applying Formula 3, Nature breaks are introduced to calculate and reclassify the gravity 
value(Figure 4). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Comprehensive  Evaluation of gravity 
2.5 Resistance Evaluation of Deyang 
2.5.1 Resistance single factor evaluation 
Seismic fracture zone, slope, topography, water system, transportation corridor, vegetation are 
selected to evaluate the resistance force(Table 4,Figure 5).  
2.5.2  Comprehensive Evaluation of Resistance 
According to the formula, area with comprehensive evaluation value less than –3 is recognized as 
prohibited area (Figure 6). 
A Seismic Fracture Zone Evaluation B Slope Evaluation C Topographic Relief Evaluation D Water 
System Evaluation E Transportation Corridor Evaluation F Elevation Evaluation G Vegetation Evaluation. 
 
Table 4. Resistance Evaluation 
 
Factors Factor value Resistance Degree Resistance value 
Distance  to Seismic Fracture Zone <200m Absolute resistance -3 
200-500m Resistance -2 Seismic Fracture Zone 
>500m No resistance 0 
>25° Absolute resistance -3 
15-25° Resistance -2 
7-15° Little resistance -1 Slope 
0-7° No resistance 0 
>25m Absolute resistance -3 
20-25m Resistance -2 
10-20m Little resistance -1 
 
Topography 
<10m No resistance 0 
Distance to tributary<20m Absolute resistance -3 
20-60m Resistance -2 
>60m No resistance 0 
Distance to river<50m Absolute resistance -3 
50-100m Resistance -2 
Water System 
>100m No resistance 0 
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Distance to railway<40m Absolute resistance -3 
40-100m Resistance -2 
100-200m Little resistance -1 
>200m No resistance 0 
Distance to highway<20m Absolute resistance -3 
20-50m Resistance -2 
50-150m Little resistance -1 
>150m No resistance 0 
Distance to main road<10m Absolute resistance -3 
10-40m Resistance -2 
Transportation corridor 
>40m No resistance 0 
>650m Absolute resistance -2 
550-650m Resistance -1 Elevation 
<550m No resistance 0 
NDVI>0.3 Absolute resistance -2 
0.2-0.3 Resistance -1 Vegetation 
<0.2 No resistance 0 
    
 
 
Fig. 5.Single factor evaluation of resistance 
2.6 Deyang suitability assessment based on Gravity-Resistance Model 
Formula 2 is applied to calculate the comprehensive result both from gravity evaluation and 
resistance evaluation. Four ecological suitability levels are found and four main functional areas are 
divided following the Eleventh five-year plan as: prohibited, restricted, optimized and key areas (Figure 7, 
Table 5).  
The results revealed that intensive urban development are 68.75 km2, which occupies 8.47% of the 
total land. Optimized area can be used as coordination of urban construction area, and the area is 164.79 
km2, occupies 20.29%; restricted area can be used as ecological transition area which is not suitable for 
city construction. It occupies 186.41 km2 and the proportion is 22.95%; prohibited area is strictly free 
from city construction and can be recognized as ecological shelters, the area is 392.28km2, about 48.3% 
of the total.  
 
 
 
 
 
 
 
Fig.6. Comprehensive Evaluation of resistance     Fig. 7. Comprehensive Evaluation based on Gravity-Resistance Model 
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3 Conclusion 
Based on the physical movement theory, this study conducted gravity-resistance model to evaluate 
urban land ecological suitability assessment, overcomes some defects of traditional methods, provides a 
new way to evaluate ecological suitability. Different approaches are taken to evaluate gravity and 
resistance respectively, which in particular, assessing resistance factors by Pessimistic Decision Method 
can help overcome the defect of “Minimum superposition” and ” Weighted superposition” approach, thus, 
to some extent, this attempt can ensure the objectivity of urban land ecological suitability evaluation. 
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